Abstract
Introduction
Within transportation, aviation is the most standardized and most regulated sector due to its international nature. These processes started after the Second World War when the boom of the industry had begun. Nevertheless, it is the most under-documented sector from a scientific viewpoint. The international scientific literature contains few scientific publications which present research findings and methods conducted by a systemoriented approach in the field of comprehensive functional modelling of air traffic control.
In connection with the shuttle of the aircrafts a significant amount of data is generated concerning the industry partners (airlines, airports, air navigation service centres, etc.) -more than in any other sector of transportation. However, the complex processing and usage of these data is not fulfilled, the data analysis is realized typically only on micro-level, although the need for the fulfilment of macro-level analyses also appears. Macro level analysis means the global summary of the available data, while micro level analysis refers to a more precise, detailed and comprehensive examination of the available data.
Out of the collected data the actors process and storage only the ones that are necessary and useful date for their work. Partially it is because of the market competition and the fear of competitors, partially because of the significant fragmentation of the connected systems.
This happens despite the fact that nowadays the computing and storage capacity can manage the data quantities which are generated in connection with aviation. Currently, air navigation service providers (ANSP) and airlines are those entities where aviation related data are mostly concentrated. While airlines manage data connected to their flights and fleet (typically air side data), air navigation service providers collect and manage data on a border spectrum in their area of competence. For more efficient traffic management, ANSPs have already formed the channels with which information can be shared, thus increasing the efficiency of traffic control on every time scale of flying (strategic, tactical and operational level of planning). The sharing of different information is realized by the use of diverse, totally independent systems in most cases. Thus the information sharing between the adjacent or directly (functionally) connected services is achieved whereas the integrated data management with other systems and services is not (ICAO Doc 10039). Information sharing can be done by event and / or time controlled direct data handling between two services or with data queries from a central system to which the access is granted in advance.
The purpose of the SWIM (System Wide Information Management) initiation -supported by the FAA and EUROCON-TROL -is to perform a common platform for the industry partners where all the necessary information is available comprehensively in this way supporting them in the development of more efficient air transport. In the interest of this, the industry has set the objective of the integrated management of the data comming from different systems (Kampichler and Eier, 2014; SWIM Concept of Operations, 2013) .
The aim of the article is to present the model of the system of information of air traffic control, which contains the managed information systematically and comprehensively with the detail analysis of the air navigation service provider and air traffic control fulfilled by the service provider. The model is based on the results of the functional modelling of the services fulfilled by the ANSP. The elaborated analysis connected to the model presents the explored relationships between the identified data elements, thus the results can be considered as a detailed system specification of a complex data model in the field of air transportation management.
The system of information model may provide a basis for the development of complex systems which are able to manage the data related to air traffic control and the data connected to air transport jointly. The interoperable application of complex systems contributes to the increase of the effectiveness of traffic management, safer air transportation, the reduction of environmental effects and the more economical operation of both ground and air operational services.
The comprehensive telematics integration consists of several steps and requires significant time expenditure. The results summarized in the article support these processes by the systematization of the available information, thus facilitating the realization of the SWIM project.
Short literature review
Relatively few scientific publications have been published in the field of the functional modelling of air traffic management systems. Therefor the completion of modelling work was significantly inhibited and in addition, the use of the earlier works was not feasible.
System developers conduct this kind of research activity in order to analyse customer demands and the possible field of interest, but they are not published due to the intense competitive environment. Documents made by system thinking approach serve primarily demonstration and education purposes, non-academic goals (Bayen and Tomlin, 2005; Boeing NEXTOR Report, 1997; Haraldsdottir et al., 1998; Bayen 2003) .
These published documents are not regarded as complex and comprehensive materials because the complex modelling of the air traffic management system is missing from it. Only specific areas of the ATM system have been elaborated ( (Zellweger and Donohue, 2001; AE Reports 1988; Nolan 2010) . Nonetheless, they have awareness-raising effects, because the human, technical and information managing components of the functional ATM systems have been described jointly.
A significant finding of the literature overview in the field of modelling is that the authors define the "functions" and "functionality" very differently. Authors and scientists typically refer to them as a specific and usually stand-alone activity, yet the expression "function" covers a greater and a significant information managing unit.
Most researchers fully simplify the system thinking approach to a specific action conducted by the air traffic controller. It is generally used for human factor analysis with the application of a psychological approach. Thus researchers examine only a single human action in connection with the controlling during the modelling, in order to alternate the human components with machine systems (Woltjer and Hollnagel, 2008; Ahmad and Saxena, 2008; Cognitive Aspects of Air Traffic Control, 1997; Loft et al., 2007; Prandini et al., 2011) .
The different interpretation of the terminology and the relationships results in the fact that researchers mean traffic modelling under the expression "modelling". Within traffic modelling, researchers mean traffic flow modelling and its different aspects.
The use of the expression "function" and "structure" is mixed in literature. Current research is closer to the expression of "structure" but in international literature the word "structure" and its combination is used for the physical structure of the airspace and the computer network (Menon et al., 2004; Filho and Falcão 2012) .
Despite the fact that a number of modelling methods are described in literature, its use for the comprehensive modelling of the functional AMT system with system thinking approach has not been conducted yet. The structured analysis and design technique (SADT) (Marca and McGowan, 1988; Ross, 1977; 1985) , later standardized into the modelling language IDEF0, is an elaborate and well-defined functional modelling language.
The functional resonance accident model (FRAM) describes socio-technical systems by the functions they perform rather than by their structure, and aims to capture the dynamics of such systems by modelling non-linear dependencies and variability with which functions are performed (Hollnagel, 2004) .
These kinds of modelling methods are used only for the description of specific tasks, while they have significant potential.
3 The model of the information system of air traffic control During the modelling, both the information system 1 and the system of information 2 were analysed from a structural and operational viewpoint in order to identify the components (services), processes inside them (information managing procedures) and the connected information (managed data) as well as the machine systems required for the performance of these.
During the development of the model I took the static (construction) and dynamic (operation) structures of the ANSP and the functional air traffic management (ATM) system into consideration, moreover the system of air traffic control were also analysed.
The machine systems and the process inside them were not analysed in detail because their solutions significantly depend on the actual level of technical development. Nevertheless, the functions of the machine systems were identified in each case. Thus, the conclusions are limited to the system of information of the air traffic management in order to achieve a result valid for a long period. The modelling of the system of information also assumes the (structural and operational) modelling of the functional ATM system, because the data map the components and processes.
As a system air transportation consists of the members involved in the aviation processes and the multitude of the information systems of the industry members together. The latter one influences the operation. The system of information of the air traffic management, which is the basis of current article, is located within the information system. The information systems provide the management of the basic processes and, built upon it, serving the industry members. Figure 1 illustrates the elaborated information model of air traffic management and its environment. The system components are indicated in the figure (services, functions, datasets). Regarding the service-function approach the main arranging principle is the function. The characteristics of organizations may often change, while the functions are mostly permanent (in the field of air traffic management pre-defined functions must be provided).
Machine (sub)systems -which contain several functional subsystems -interconnect the components of the information system and they provide the storage, transmission and 1 Information system: is part of the company (subsystem), which provides procedures for creating, recording, processing and accessing the information.
It is related either to the organization or to its specific part and it assists the organization to reach its goal. Information systems are the representations of the organizations, which provide information about the status of the organization for the managing elements located at different levels in the hierarchy. For this purpose the machine system of the organization is used, which may consist of several subsystems.
2 System of information: is a structured system of data, a set of wellstructured and well-systematized information considering certain aspects. Part of the information system. procession of the information necessary for the operation. In addition, they are interfaces between the users, the information system and the (main and sub)systems of the industrial members in order to perform the data transmission.
In the field of air traffic management, due to the high level of standardization and controlling, the information managing procedures are well and precisely defined. Thus, the information managing procedures can be unequivocally assigned to the information managing elements (human components) -in most cases. Accordingly, as far as functionality is concerned, connections between the services and functions can be formed without overlapping.
The machine systems may overlap functionally due to complexity. From the point of view of functions, the assignment between the information managing elements and procedures, as far as the subsystems are concerned, can be defined unequivocally and without overlapping.
Based on the relationships of the components I elaborated the system of information of air traffic management. In order to this, I revealed and analysed the information managed by the air traffic management agencies. Incorporating the managed information into a uniform system, I developed the model of the system of information of air traffic management.
Modelling method of the information structure
During the elaboration of the model within the ANSP, the structure, components and the procedures of the air traffic management system were mapped and the machine (sub)systems were also identified. An approach with sequence of service, function, dataset has been applied -supplemented with the applied machine (sub)systems. The investigation was gradually broadened both horizontally (model wideness) and vertically (model breakdowns). The broadening directions are discretely separated from each other. Figure 2 summarizes the modelling steps and its logic. The sequence of the steps follow a logical superposition according to the system and process-oriented approach.
Step 1: Identification of components
Main components:
3 * The analysis of the machine (sub)system does not form the basis of this article. It is indicated only for better understanding.
Services (S n )
Within the air navigation service provider the members of the functional ATM system were grouped based on their scope of duties (main tasks related to the base process of aviation) ( Table  1) . Regarding the complexity of the functional ATM system, the table contains the higher level classification of the given services into functional blocks. Descriptions of the services are indicated in the brackets after their name.
Functions (F n )
Based on the duties and the connecting services related to the provision of air traffic control, the main functions have been determined and these functions have been classified into higher level functional blocks (FB n ). The results are indicated in Table 2 . The not well-known features are explained after the table.
Datasets ( i n D )
The managed data were sorted into groups by the content and the temporal validity in order the conformability and the orderliness. Table 3 illustrates the results with examples. In this way, the data which are similar but map different content can be managed together. During the analysis those data were identified which are directly connected to the operative air traffic control activities. The following datasets were identified:
1. Traffic and route data (flights, aircrafts and movements data) 2. Airspace and sector data (data related to airspace structure and air infrastructure) 3. Information data (data necessary for the safe operation of flights) 4. Equipment data (data related to technical infrastructure) Identification of information, assignment of (part) datasets to the services and the functions.
( Table 6 .)
Analysis of the functions

Information assignment
Identification of components Fig. 1 Model of the system of information of air traffic management Fig. 2 Steps of the modelling of the information structure Static data are unchanged for a longer period, their temporal invariance is greater than one month. Semi-dynamic data may contain a more frequently changing content, thus their temporal invariance may change between one month and a few hours. The temporal invariance of the dynamic data has a much smaller invariance, it may change even every second.
Notation of the data: n indicates the number of the dataset, i indicates the dynamism. Dynamism:
• S -static, • SD -semi-dynamic, • D -dynamic (included the real time data too).
Machine systems (M n )
The machine systems -and functional subsystems within them -support the fulfilment of activities related to air traffic control. In most cases, each system operates independently without any integration. Table 4 summarizes the main functional systems used directly or indirectly for air traffic control. The indicated systems are presented in order to illustrate the operation of the whole and complex services. Therefor deviations can be discovered at different ANPSs (some systems can be integrated and contracted based on the real installation and site-specific considerations). Flow Management (Unit) (FMP) (service which performs flight control depending on the available airspace and air traffic controllers in order to avoid overloaded air traffic controller work) S 8 (Aeronautical) Meteorology service (MET) (service which is responsible for the provision of meteorological data )
S 9
AFTN network service (service which ensures the handling of messages transmitted by the AFTN network)
CNS-ATM technical services S 10
Infrastructure operator technical service for the ATM (CNS) (service which ensures the operation of the communication, navigation and surveillance systems necessary for air traffic control -out of ops room)
S 11
System operation service (service witch ensure the operation of the systems and equipment necessary for the air traffic controlops room side)
S 12
NOTAM office (service which is responsible for the creation and transmission of NOTAM telegrams) Aeronautical Information Services (AIS)
S 13
Aerodrome Reporting Office (ARO) (service which is responsible for the administration of international departing flights)
S 14
Publication and static data management service (PUB/SDM) (service which manages the aviation related static data and creates the connecting publications)
S 15
Flight safety service (Safety) (service which manages the aviation safety issues) other, ATM supporting services S 16 System development service (service which takes part in the design and development of the air traffic management and control systems)
S 17
Administration service (collective term for the supporting areas: law, HR, education, training, etc.) Performance of aviation safety checks, research and analysis
F 35
Development of the ATM systems (hardware and software)
F 36
Administration and other supporting activities necessary for air traffic control 
Enhancement of the model resolution
All components of the model of the system of information can be divided into lower-level elements. Figure 3 illustrates the enhancement of the resolution of the components. The inverted pyramid represents the decreasing elements as the resolution becomes more detailed. The extension and the numerosity of the elements are in inverse proportion. The expressions in the brackets contain the notation of the elements for all resolution levels at each component. The expressions clearly identify which element belongs to which component. 
Step 2: Analysis of the Functions (S-F connections)
After the identification of the components, the services and functions were assigned. Based on the services and within them based on the duties, the functions to be fulfilled by the services were identified. In this way, the functions were assigned to the services. Table 5 illustrates the result. Due to the high standardization of the aviation industry the functions and services are clearly matched with minimal overlap. Overlaps exist only at the level of the functions, tasks and processes are free of overlaps.
Step 3: Information assignment
In view of the fulfilled tasks of the services, the managed information was identified and it appears in the data structural matrix. Table 6 illustrates the structure of the matrix. The row headers of the table show the services and the functions. The cells of the vertical columns contain the managed information related to the fulfilled function by the services sorted into datasets. The cells of the matrix contain the managed part datasets.
The knowledge of the function is not enough for the identification of the managed information because several tasks belong to a specific function. Thus the modelling needs deeper analysis on the level of service-function assignment. The functions have been divided into tasks. The tasks belonging to the fulfilment of the functions for each service have been identified. The service-function assignment was the basis of the determination of the managed datasets.
The data structural model
The data structural model is the structure of the managed information according to the components. The model summarizes what kind of datasets are required for the operation of a certain function in a given service. The model is a structured data structure for the identification and classification of the managed information related to air traffic control. The representation of the model is a matrix. The managed information sets are indicated in the cells (Fig. 4) . Machine components may be indicated in the matrix connected to the managed information, in view of the information managing actions fulfilled by the machines.
This model describes the structure of the data, so it does not contain the stages and modes of the data procession. Latter is connected to the operations which are influenced by several factors e.g. applied computing algorithm, physical infrastructure, broad and scope of information sharing, etc. Table 6 Structure of the data structural matrix 6 Summary -application potential and further outlook International industry members support the integrated management of air traffic data and the joint access. The elaborated model allows the integrated management of information, thus ensuring fast and cost efficient information transmission between the industry members. The integration requires significant time and consists of several steps. The elaborated system of information model contributes to the first part of the mentioned integration.
The availability of new technical solutions regarding to the capacities in the field of computing and storage allow real time procession and transmission of large amounts of data generated in the aviation industry. The fragmentation of the aviation systems and the dependency exposure to the data holders can mitigated by the realization of the integration. At the same time quick and accurate access to the data can be insured even if a single component falls out of the network.
With the spread of cloud-based services and the implementation of new security solutions the remote management of critical data becomes available, thus accessibility is improving. Along with this the spread of new industrial services is expected, for which the necessary integration platform is provided by systems allowing integrated data management and worldwide accessibility produced by the international lead data warehouses -similar to the operation of the airline IT systems. The complex and integrated services support the activities of the future air traffic control across the borders, with global extension, thus simplifying the operation of the services.
In the SESAR programme (Single European Sky ATM Research) intelligent solutions are going to be applied in the field of air transportation. These new initiatives are based on the full utilization of common and standardized data exchange between various systems in order to ensure a higher level of safety and fluidity of air transport worldwide. Some solutions and applications are available even now, which are driven by the continuous data exchange between remote stations (virtual towers, remotely controlled airspaces, etc.). Interoperability is the key for these kind of operations (Schváb and MarkovitsSomogyi, 2015) .
In the future joint and synchronized development with common aims are necessary in order to explore the latent needs and the full exploitation of the available capacity. The higher level of data management contributes to the cost effective development of the air transport management sector.
In the near future the most difficult task is the design and later the implementation of the optimal comprehensive data management operations, which need to be solved in order to provide integrated and common services between the industry partners.
Conclusions
The main contributions:
• The organizational structure, the information management processes and the managed information of air traffic control have been revealed and identified with the use of system thinking approach. • The systematic information management structure has been created for the comprehensive management of aviation and air traffic management related information. • The elaborated model allows the integrated management of all information at each step of a flight.
• No similar approach has been presented previously in the field of the research. The key findings:
• Previous scientific publications dealt with modelling, but the functional models applied to only a few actions connected to human factor analysis. No comprehensive functional analysis of the whole air traffic management system was mentioned.
• The common terminology for "functions", "modelling"
and "structure" is missing in the publications, thus all researchers define them individually and differently and in most cases the exact definitions are also missing.
• The available modelling techniques elaborated for the comprehensive analysis of large-scale systems (e.g. FARM and IDEF0) can be used in aviation, in the field of the modelling of air traffic management systems, but their use have not been applied yet.
• The aviation industry requires integrated data and information management, but the comprehensive data management solutions are missing due to the intense fragmentation of the applied information systems and the industry. The lessons learnt:
• System developers and system warehouses have a huge amount of information of the industrial needs in the field of air traffic control but they use them for their own purposes and do not publish them, while researchers need this kind of information for scientific reasons.
• Integration and interoperability are key questions even in aviation, where standardization has the highest level in transportation.
• The spread of new technologies like high speed, broadband, interoperable, available, standardized communication technologies with the use of shared and cloud based systems will pull the industry and they will be the solutions and the basis of the services in the future.
